2.6 ± 1.9 0.21 ± 0.09 2.1 ± 0.8 0.30 ± 0.15 0.05 ± 0.02 0.5 0.38 ± 0.15 0.12 ± 0.07 0.50 ± 0.13 0.08 ± 0.02 0.23 ± 0.05 0.60 ± 0.14 1,420 ± 680 113 ± 21 2.4 ± 1.7 0.14 ± 0.05 2.7 ± 0.9 0.30 ± 0.11 0.04 ± 0.02 1 0.38 ± 0.10 0.13 ± 0.06 0.49 ± 0.11 0.11 ± 0.04 0.26 ± 0.12 0.54 ± 0.13 1,380 ± 630
112 ± 36 5.1 ± 2.2 0.12 ± 0.03 2.3 ± 1.2 0.28 ± 0.16 0.03 ± 0.02 3 0.51 ± 0.09 0.17 ± 0.05 0.32 ± 0.08 0.06 ± 0.02 0.14 ± 0.08 0.70 ± 0.13 1,290 ± 225 26 ± 9 1.5 ± 0.8 0.16 ± 0.05 2.7 ± 1.5 0.30 ± 0.15 0.05 ± 0.02 10 0.61 ± 0.12 0.14 ± 0.07 0.25 ± 0.08 0.08 ± 0.03 0.18 ± 0.05 0.63 ± 0.08
± 190
After cluster selection Clusters were identified as successive openings separated by closings which were briefer than a critical duration (τ c c ). Open-, and closed-duration histograms were constructed with single-channel data before (from the entire recording) and after the selection procedure. Histograms were fitted by three components (O L , O I , and O B ; C L , C I and C B ). Closed time histograms from the entire recording show 5-6 closed components but the table shows the three briefest components that correspond to closings within clusters. Cluster duration histograms were constructed with singlechannel data of the entire recording. Results are shown as the mean duration ± S.D. of at least 3 patches for each condition. Rates are expressed in s -1 . b) Macroscopic currents were simulated on the basis of Scheme 2 using QuB software. The traces correspond to currents activated by 3 µM (rise time 50 ms), 10 µM (rise time 9 ms) and 100 µM 5-HT (rise time 0.6 ms). The activation phase for each current with the corresponding rise time is shown in the inset. These rise times are significantly briefer than the experimental ones (100 ms, 10 ms, and 3 ms for 3 µM, 10 µM and 100 µM, respectively). In order to decrease the activation rate of the simulated currents on the basis of Scheme 2, the rate of desensitization onset (A 3 R to C D rate) can be increased. However, increasing this rate 10-fold cannot mimic the single-channel and macroscopic currents. Currents simulated on the basis of Scheme 2 but with the A 3 R to C D rate constrained to 22,000 s -1 (10-fold increase) show a biphasic rising phase, fitted by two exponential components of 0.6 ms (relative area 0.85) and 3 ms. The simulated single-channel currents show interburst closings whose durations are 22 ms instead of 3 ms as experimentally determined.
Scheme 3.
a) The model is a modification of Scheme 1c in which A 3 R is directly connected to the open states. The third closed state (C D ) is connected to C. Rates are expressed in s -1 . b) Macroscopic currents were simulated on the basis of Scheme 3 using QuB software. The traces correspond to currents activated by 3 µM (rise time 60 ms), 10 µM (rise time 9 ms) and 100 µM 5-HT (rise time 0.6 ms). Again, rise times of simulated currents are much briefer than the experimental ones. Scheme 4. Alternative kinetic model in which desensitization arises from the fullyliganded closed receptor (A 3 R). For the simulation, the rates shown in Scheme 1c were used, and onset and offset desensitization rates were constrained to 1.2 s -1 and 0.01 s -1 , respectively. a) Scheme 4 is an alternative arrangement of states from those in Scheme 1c, in which the desensitized closed state A 3 D is connected to the closed A 3 R state. The scheme assumes that desensitization (A 3 D) occurs from the fully-liganded closed receptor (A 3 R). Rates are expressed in s -1 . b) Simulations of macroscopic currents were carried out using QuB software on the basis of Scheme 4. Simulated currents do not decay in the presence of agonist, and the simulated clusters are extremely prolonged, thus discarding this scheme. Using the same scheme but allowing the rates k +d , k -d , k + and k -to vary freely, the experimental curves can be well mimicked, but the resulting desensitization onset (k +d ) and k + rates are extremely fast, ~100,000 s -1 and ~12,000 s -1 , respectively. Using these rates, we simulated single-channel currents. The open components remain similar to the experimental ones, whereas the closed time histograms show only two components (~30 µs and ~200 µs) instead of the three experimentally observed. Thus, experimental macroscopic and single-channel currents cannot be mimicked with a scheme in which desensitization occurs from the closed state.
Scheme 5. Kinetic model that includes slow and fast blockade mediated by the agonist.
a) The scheme is an extension of Scheme 1c that incorporates slow (O L B slow ) and fast blockade (O L B fast ). Rates are expressed in s -1 . b) Simulations of macroscopic currents were carried out using QuB software on the basis of Scheme 5. The value for the forward rate for fast blockade (k +bf ) was obtained from the plot shown in Figure S2 . k -bf was estimated from the reciprocal of the blocked time determined in single-channel recordings of α7-5HT 3 A chimeric receptor activated by ACh and in the presence of 5-HT (See text). k +bs was estimated by fitting experimental macroscopic curves using MAC included in QuB software. The k -bs value was constrained to obtain the best representation of the simulated currents with respect to the experimental currents. c) Simulation of currents from different numbers of channels in the cell. Although Scheme 5 predicts that at 100 µM 5-HT rebound currents due to unblocking should be clearly detected after the pulse of agonist, we rarely detect them. While some authors have reported the occurrence of rebound currents (15), others have not detected them (17). A possible explanation for these controversial results is that if the original peak currents are not large enough, rebound currents cannot be easily distinguished from background noise.
